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Abstract
Agroecosystems have become very important not only for their role in achieving 
food security but also in mitigation of greenhouse gas emissions. This agro-ecologi-
cal function has become very important since society expects agriculture to be more 
sustainable, by decreasing fertilizer inputs while reducing greenhouse gas emission. 
Mitigation measures to reduce net GHG emissions include increasing soil C seques-
tration by reduced tillage, biochar and straw application, and increased crop-use 
efficiency of fertilizer-N. An adequate management of soils and crops could result 
in a reduction of GHG emissions through complex interactive factors. However, 
which factors are mainly responsible for the differences in emissions across soil and 
environment type remain unclear and the mechanism underlying GHG emissions 
are complex. It is therefore imperative to determine how biochar could mitigate 
greenhouse gas emissions without adverse effect on crop yield. This chapter will 
predominantly review biochar application for improved resource use and reduce 
greenhouse gas emission in sub-Saharan Africa, except in some cases where specific 
mechanisms have been elucidated in other regions. We consider future perspec-
tives on whether biochar application offers economic opportunities for smallholder 
farmers in developing countries, with a particular focus on Ghana. These issues 
provided the motivation for this chapter.
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1. Introduction
Global demand for food will increase during the coming decades, yet agricul-
tural systems are already strained across the globe. The agricultural systems are 
either too extensive or intensive, which is a threat to sustainable food production. 
Agriculture is also both a major contributor to greenhouse gas emission (GHG) 
and very susceptible to climate change. This increases the urgency for making 
agriculture climate smart, both through adaptation and mitigation by reducing 
GHG emissions. At the same time, arable land and other production resources are 
limited, and area expansion for food production is not desirable. Increasing the 
overall production of agricultural productivity without further increase of the area 
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used for food production or its environmental footprint in a climate smart way is 
therefore essential. This means that food production and the type of food produced 
has to change to conform to good practices.
Sustainably producing sufficient, safe, and nutritious food implies that we 
should focus on increasing the efficiency along the production chain and across 
multiple resources (including land, water, nutrients, energy, labor) and recapturing 
waste into useful resource such as fertilizer and pesticides. This requires a radical 
change from the traditional linear “take-make-use-waste-recycle production model 
toward a sustainable production system with optimal use of resources and full reuse 
of wastes as shown in Figure 1.
Biochar is a carbon-rich residue that is important for an optimal use of resources 
with a focus on the lowest footprint per unit of quality food. Biochar is a recalcitrant 
source of C, which when applied to the soil slows down the turnover of native SOC, 
enhances the use efficiency of applied fertilizer-N, and therefore, reduces fertilizer-
induced GHG emissions [1]. The soil incorporation of crop residues, particularly 
with high C/N ratio, improves soil organic C levels, enhances biological activity, 
and increases nutrient availability [2]. Recalcitrant C-rich biochar is a suitable 
means to mitigate climate change and improve soil fertility [3] and crop productiv-
ity [4]. These functions of biochar are collaborated by Yeboah et al., who reported 
improved soil organic carbon and moisture when biochar was applied in semi-arid 
Loess plateau of China. However, the effects have been shown to vary depending 
upon the type of biochar used and the environmental and soil conditions under 
which the material is applied.
These responses have limited widespread use of such management practices 
on cropping lands. Varied results have been obtained depending on soil and envi-
ronmental conditions under which the technology is applied. The research results 
achieved are very diverse, and it is credible that the application of sustainable soil 
management technologies such as biochar, residue, and farmyard manure could 
imply higher yields of crops and lower greenhouse gas emissions compared to 
conventional agricultural practices. In addition, application of these technologies as 
a GHG mitigation strategy requires the understanding of the mechanism underly-
ing the production of the greenhouse gas emission and developing the necessary 
Figure 1. 
Production system with recycling. Authors’ personal communication.
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component technologies to reduce the emissions without confounding effect on the 
agricultural yields. We consider future perspectives on whether biochar application 
offers economic opportunities for smallholder farmers in developing countries 
by considering the case study of Ghana. These issues provided motivation for 
this chapter.
2. Biochar for C-use efficiency
It is well known that the global atmospheric concentrations of the major green-
house gases (GHGs) have been increasing [5], the largest coming from agriculture 
and land-use changes like urbanization and industrialization. This is an impor-
tant issue in agriculture, both because of the impacts on agricultural production 
and agriculture being a major contributor to buildup of greenhouse gases in the 
atmosphere [4]. But net GHG emissions from farming-related activities can be 
reduced by increasing carbon (C) sequestration in soil and crop biomass. Current 
increases in atmospheric GHG levels require that novel approaches are undertaken 
to mitigate impacts of climate change, such as management practices conducive to 
improved soil C sequestration [6]. Recently, different means have been proposed to 
increase soil C in soil and thus decrease CO2 emission. One such mitigation strategy 
is to sequester atmospheric CO2 captured through photosynthesis in biomass and 
convert into a more stable form of carbon called biochar.
The sequestration of C and N in soils could be achieved through the adoption of 
crop residue retention. In drylands, the application of crop residues, among other 
measures, is recommended for the management of soil organic matter [7]. The 
application of biochar plays a dual role of sequestrating organic C and enhancing 
soil productivity [8], mainly because biochar contains high C content and could 
protect organic C from utilization. A similar result was found by Yeboah et al. [4] as 
shown below (Figure 2).
The significance of retaining crop residues was emphasized in the study by the 
difference of organic C between the organic amended soils. The authors attributed 
the increased C content in soil to its high C content and the fact that biochar could 
slow down organic C utilization by microbes. The higher organic C produced by 
the biochar-treated soils could be related to its ability to stabilize the native carbon 
Figure 2. 
Soil C balance under different treatments. Data replotted from [4] thesis, unpublished.
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and recalcitrant to microbial decomposition. The resistance of biochar to microbial 
decomposition is dependent on its chemical composition resulting from the heat 
treatment and properties of the initial biomass [8]. There is consensus that biochars 
produced at higher temperatures contain more aromatic structures, which confer 
intrinsic recalcitrance. Due to its high surface area and porosity, biochar may also 
stabilize native SOC by reducing microbial activity as reported by several other 
researchers [7, 8].
Biochar amendment could exert high carbon recalcitrance against microbial 
decay, which in turn may reduce emission of GHGs. However, the effect of biochar 
on carbon emissions in soils are very complex and changes in emissions can be a 
response of diverse mechanisms. It is believed that biochar amendment affects CO2 
emissions by changing the characteristics of the soil and of the microbial diversity 
[8]. The increase in soil microbial biomass could be due to the increased C-use 
efficiency following the accumulation of soil organic C and microbes on the biochar 
surface. This is possible since crop residues serve as a precursor of the soil organic C 
pool, and returning more crop residues to the soil in the form of biochar is associ-
ated with increases in organic C concentration [2]. This function is particularly 
important in the stressful environment like water- and nutrient-limited conditions 
where the factors that limit yields of global agriculture production are many.
3. Biochar increases crop productivity
The challenge of meeting the demand for food has received great attention 
worldwide. The current increases in food production in the last four decades may 
be due to increased N fertilization and area of cultivation. However, the increased 
utilization of agricultural lands including the indiscriminate use of N fertilizer has 
resulted in negative effects on agriculture, socio-economic and environmental qual-
ity such as global warming [9]. Agricultural and environmental sustainability issues 
have stimulated attempts to increased crop yields while decreasing N fertilization. 
The potential to increase C inputs to soils is associated with high yield agriculture. 
It is within this framework that the ability to develop and implement innovative soil 
management practices becomes a key to improving the productive capacity of soils. 
This will enhance the resilience of the agroecosystem which is a key priority to crop 
production.
Aside the carbon sequestration potential of biochar amendment to agricultural 
soils, the production of biochar and its application to soil will deliver immediate 
benefits through increased crop production [10]. Biochar additions to agricultural 
fields are expected to increase yields [11] and reduce loss of nutrients [10]. A 
reduced number of studies have examined application of different carbon sources 
and patterns on crop productivity of loess soils.
In a study by Yeboah et al. [4], the greatest grain yield of spring wheat was 
recorded on biochar-treated soils and the lowest on soils without carbon amend-
ment (Figure 3).
Yield increases with biochar application have been documented in controlled 
environments as well as in the field [7, 11], and several underlying mechanism have 
been attributed to this phenomenon. Bruun et al. [12] noted that improvements to 
the habitat for beneficial soil microbes are the most likely causes of productivity 
improvements associated with the application of biochar. However, other authors 
[9, 13] have reported that when biochar and inorganic fertilizers are applied 
together, an increased nutrient supply to plants may be the most important factor 
in increasing crop yields. The mechanism may be complex but the effect of biochar 
on soil quality could be prominent in influencing yield. It is therefore opined that 
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improved crop yields in biochar amended study could be attributed to increased 
nutrient availability through enhanced soil quality. Our study evidenced a positive 
effect of biochar amendment on soil quality and spring wheat yield consistent 
over 3 years.
Such sustainable increasing effect could also be supported by other field experi-
ments on dry croplands. Steiner et al. [14] reported cumulative yield increases 
of rice and sorghum in Brazil after four cropping seasons when 11 t ha−1 biochar 
made from rice straw was applied. Steiner et al. [14] found increased maize yield 
after three repeated maize stubble biochar applications of 7 t ha−1 of over 2 years. 
However, Asai et al. [15] reported a decreased grain yield following the application 
of biochar amendment without N fertilization in a soil that had poor N availability.
4. Biochar for mitigating greenhouse gas emissions
In an effort to reduce the concentrations of greenhouse gases (GHGs) in the 
atmosphere in order to reduce the potential effects, considerable attention has 
been paid to soil management practices. According to Snyder et al. [16], improv-
ing cropland management practices such as reduced tillage and residue retention 
has the potential to reduce agricultural greenhouse gas emission irrespective of 
type of cultivation. Recent increases in atmospheric GHG levels require that novel 
approaches are undertaken to mitigate impacts of climate change, such as manage-
ment practices conducive to improved soil C sequestration [17]. Nitrogen fertiliza-
tion and crop residue retention play a major role in GHG emission. Soil carbon 
sequestration through the application of recalcitrant C-rich biochar is mentioned as 
a suitable means to mitigate climate change.
A number of mechanisms have been proposed in the literature to explain the 
effect of biochar amendment on soil N2O emissions, with limited amounts of 
evidence to support them. Since biochar has significant impact on soil environment 
and affects many soil parameters, such as pH or the availability of soil miner-
als, it is very likely that biochar will have significant effects on the production of 
N2O. Diverse studies confirm this—most of them reporting reduced N2O emissions 
from soil following biochar application [18], similar effect in the field [19], and no 
suppression of soil N2O emissions [20]. Biochar amendment has been observed to 
modify soil physical properties such as reduced soil bulk density or increased water 
holding capacity, therefore increasing soil aeration. This may lead to lower soil 
N2O emissions as soil aeration influenced both nitrifier and denitrifier activity. By 
changing the physical properties of the soil, biochar may suppress N2O production 
Figure 3. 
Effect of different carbon sources on grain yield of spring wheat. Data replotted from [4].
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from denitrification by increasing the air content of the soil or by absorbing water 
from the soil, thus improving aeration of the soil [18]. Biochar amendment may 
increase soil pH (Figure 4) when applied to soil [11]. Changes in soil pH may result 
in changes in nitrifier or denitrifier enzymatic activity and therefore soil N2O 
emissions.
There is limited evidence, mostly from studies in rice paddies to suggest that 
biochar amendment affects soil CH4 emissions [20]. The greater uptake of methane 
may be attributed to the protected environment created for the CH4 oxidizers and 
improved soil porosity. The aerobic, well-drained soils can be a sink for CH4 due to 
the possible high rate of CH4 diffusion and ensuing oxidation by methanotrophs. 
Improved soil physical properties such as low bulk density and the associated 
increase in total porosity, mostly due to the relative increase in macroporosity 
[21], may significantly decrease CH4 emissions. Increased availability of labile C 
substrates following biochar addition stimulates the activities of methanogenic 
bacteria that may account for increased CH4 emissions [22]. However, this could 
be a short-term effect since labile carbon fraction in biochar could be mineralized 
rapidly. Karhu et al. [23] observed increased soil CH4 consumption in arable soil 
due to increased soil aeration following biochar application. Biochar addition to soil 
has been assumed to increase soil temperature and soil pH. However, the effect of 
biochar on soil temperature and soil pH has not been suggested as mechanisms to 
explain differences in overall soil CH4 [10].
Carbon dioxide is produced mainly from the decomposition of plant residues 
and organic matter by soil microbes and respiration from microbes and roots. 
Carbon dioxide can be divided into autotrophic and heterotrophic respiration 
based on different biological sources [10]. The effect of biochar on carbon emis-
sions in soil are very complex and changes in CO2 emissions can be a response of 
diverse mechanisms. Biochar amendment affects CO2 emissions by changing the 
physical and chemical characteristics of the soil and of the microbial diversity 
[10]. CO2 emission could be reduced through the effect of biochar application on 
C-mineralizing enzymes [25]. Some studies have shown that biochar addition could 
stimulate the mineralization of soil organic carbon (SOC) [11, 12] and correspond-
ingly increase emissions of CO2. However, conversely, the suppression of SOC min-
eralization has also been reported [25], thereby causing a decrease in CO2 emissions. 
Biochar application could also stimulate CO2 emission by enhancing soil properties 
[10]. As indicated in Refs. [16, 22], transforming carbon in plant residues into stable 
Figure 4. 
Soil pH of different treatments. Data replotted from [24].
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C form is the main role for decreasing CO2 emission compared to the natural plant 
residues. Therefore, the mechanism underlying biochar effect on CO2 emission is 
unclear, because it could have occurred because of several interactive factors.
5. Biochar for soil fertility
The decline of soil fertility is a major problem confronting crop production and 
environmental sustainability. The functions of soil depend on three main proper-
ties, physical, chemical, and biological, which influence global cycles of organic C 
and N [26]. The adoption of sound soil management strategies such as appropri-
ate tillage methods, crop residues practices, biochar application, and efficient N 
fertilization has been suggested to improve soil properties [27]. These strategies can 
be achieved by increased input of crop residues while minimizing C loses by ero-
sion, decomposition, and carbon emission. While conservation agriculture systems 
have been noted to improve soil organic C [27], conventional plow-based farming 
systems could accelerate carbon mineralization and thus reduce soil C content, 
which are attributed to soil aggregates disruption and increased oxidization through 
soil disturbances [28]. The incorporation of biochar into soil varies soil structure, 
porosity, and bulk density. According to Oguntunde et al. [29], this may in turn 
have consequences for important soil functions such as soil aeration and plant 
growth. In Ref. [30], it is postulated that biochar application results in an increase 
in soil C.
The expectation of increased soil fertility attributed to biochar application 
emanated from the studies of the terra preta that contains high proportions of black 
carbon [29]. The high soil organic matter content of the terra preta provides the 
evidence of the enhancement due to biochar application. In contrast to mainstream 
chemical fertilizer, biochar also contains bioavailable elements such as selenium 
that has potential to assist in enhancing crop growth. It is not clear concerning the 
potential effects of biochar on microbial activity in soil. Assuming that plant inputs 
and hence microbial substrate remain unchanged, enhanced microbial activity 
alone would diminish soil organic matter. However, this is contrary to the observa-
tion in terra preta, where soil organic matter is generally higher than in similar sur-
rounding soil [26]. However, a change in the balance of microbial activity between 
different functional groups could benefit crop nutrition, specifically enhancement 
of mycorrhizal fungi [11], and this could feedback into higher net primary produc-
tivity and carbon input.
There are several reasons why biochar might be expected to decrease the poten-
tial for nutrient leaching in soils, and thus enhance nutrient cycling and also protect 
against leaching loss. In field studies where positive yield response to biochar 
application has been observed [7, 13], enhanced nutrient dynamics could be the 
reason for the observed results.
6. Biochar improves nitrogen use efficiency
Biochar is a recalcitrant source of C, which when applied to the soil slows down 
the turnover of native SOC, enhances the use efficiency of applied fertilizer-N, 
and, therefore, reduces fertilizer-induced GHG emissions [1]. Biochar improves N 
use efficiency through indirect processes including the improvement of soil condi-
tions to maximize nitrogen uptake. This means through the application of biochar, 
nitrogen in the soil is conserved or the nitrogen that is applied through fertilization 
(added nitrogen) is conserved. Calys-Tagoe et al. [24] found higher N conserved 
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in the soil when biochar was applied in combination with nitrogen fertilizer 
(Figure 5). Biochar amendment is said to conserve N in the soil and improve soil 
biological and physicochemical properties, which increases the ability of the soil to 
utilize nitrogen and other essential nutrients in the soil.
There are several reasons to expect that biochar might improve nitrogen use 
efficiency. It is believed that biochar improves nitrogen uptake by plants through 
the following ways: (1) retaining N in soil through adsorption of ammonia (NH3) 
and ammonium ( NH 4 + ), (2) reducing nitrous oxide (N2O) emissions, (3) reducing 
nitrate ( NO 3 − ) leaching, and (4) enhancing biological fixation of N in the soil [19]. 
These functions of biochar in soils have shown to increase nitrogen uptake by plants 
[37] and improve nitrogen use efficiency [19], either through the action of biochar 
as fertilizer and/or the improvement of soil condition for enhanced nitrogen uptake. 
Biochar application resulted in increased N uptake by plants, which was attributed 
to the ability of biochar to supply more N.
The improved N use efficiency function of biochar is very significant as it can 
impact the overall carbon balance of agricultural activities. A low ratio of fertilizer 
nitrogen application to crop nitrogen uptake can, therefore, influence the overall 
C balance. Higher fertilizer use efficiency may lead to a lower fertilizer require-
ment per unit yield and usually lower nitrous oxide emission resulting in improved 
environmental quality.
7. Biochar for pests and disease suppression
Crop pests and diseases constitute important threat to food security and 
reduce income levels along the value chain of both producers and consumers 
worldwide. With the increasing global population, the need to maximize food 
production to feed the world is of utmost importance. To achieve this, there is the 
need to minimize losses caused by pests and diseases to mitigate the possibility 
of global food insecurity. Controlling biotic stresses to maximize crop produc-
tion must, however, be sustainable and environmentally friendly. In view of this, 
sustainable crop production through integrated pest and disease management 
(IP&DM) strategies has gained worldwide recognition and the use of organic 
soil amendments (OSA) such as biochar is an integral tool for the success of 
this strategy. Apart from managing pest and disease pathogens, OSA have the 
potential of improving soil tilth, nutrient availability, water-holding capacity, 
soil microbial diversity, and population dynamics, and reduces nutrient-leaching 
loss [31].
Figure 5. 
Total N content of different treatments. Data replotted from [24].
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The desire to effectively control plant diseases without compromising envi-
ronmental quality and safety has increased the demand for research into finding 
sustainable ways of managing pests and diseases. In the context of sustainability, 
research into the use of organic substances such as animal manure, green manure, 
organic agro wastes, and compost management have gained tremendous interest 
among researchers and various stakeholders. OSA do not only have the advantage 
of improving soil structure and quality but also found to increase the suppressive 
potential of treated soils thereby inhibiting diseases caused by plant pathogens [32]. 
OSA have successfully been used to reduce the activities of several plant pathogens 
such as plant parasitic nematodes, Fusarium spp., Phytophthora spp., Pythium spp., 
Rhizoctonia solani, Sclerotinia spp., Sclerotium spp., and Verticillium dahlia [32]. 
The use of untreated OSAs have, however, been found to exacerbate activities of 
disease pathogens and can increase their incidence and severity. Also, the release 
of certain phytotoxic compounds such as xanthatin and 4-epiisoxanthanol during 
the decomposition process can damage the roots of plants [32] and make them 
vulnerable to pathogen attack [33]. The benefits of OSA however, outweigh the 
constraints and the search for numerous agents for use as OSA is continuous with 
reports emanating from several research works globally. One such OSA agent that 
has received global attention and interest is the biochar. This is obtained from the 
slow pyrolysis of biomass in the absence of air. It is a by-product from the biofuel 
industry and a high-carbon material [34]. As an OSA, there has been an increased 
interest in its importance as soil health and disease management agent. Current 
studies have proven its role in carbon sequestration leading to the removal of desir-
able carbon from the atmosphere. In addition to this, current studies have pointed 
to the fact that apart from increasing the cation exchange capacity in organic matter 
deficient soils, improving the pH status of acidic soils, and increasing nutrition and 
water holding capacities of soils, it also enriching microorganisms in the soil that 
improve soil suppression potential against pathogens. Suppressive soils are able to 
inhibit disease development by stimulating biota activity, increasing and favoring 
populations of biocontrol agents, and reduce the inoculum potential of both foliar 
and soilborne pathogens [35]. With regard to soilborne pathogens, biochar has suc-
cessfully been used to suppress the activities and infection capabilities of pathogens. 
Data available shows that the application of biochar reduced the infection potential 
of Meloidogyne graminicola in rice [36] and other plant-parasitic nematodes, while 
it increased the population of free-living nematodes that may be beneficial to the 
improvement of soil health. Bonanomi et al. [37] reported that the application of 
biochar was found to be effective in suppressing foliar pathogens such as Rhizoctonia 
solani, Fusarium, and Phytophthora species. Similarly, the application of biochar was 
reported to reduce the severity of gray mold disease on both Lycopersicon esculentum 
and Capsicum annuum [38]. Also, Fusarium root rot disease incidence in asparagus 
reduced following the application of biochar inoculated with mycorrhizal fungi [39]. 
Nerome et al. [40] reported that the application of biochar obtained from municipal 
organic waste inhibited the infection capacity of Ralstonia solanacearum to cause 
disease, increasing the advocacy to use biochar and its amended composts to control 
fungi and bacterial disease in crop production. The disease suppression potential 
of biochar is influenced by several mechanisms. According to Rawat et al. [41], the 
effectiveness of biochar to inhibit disease is linked to the presence of calcium com-
pounds as well as improving the physical, chemical, and biological characteristics of 
the soil. Similarly, Noble and Coventry [42] hypothesized the induction of systemic 
resistance in the host plants, enhanced abundance and activities of beneficial 
microbes, modification of soil quality in terms of nutrient availability, and abiotic 
conditions; direct fungitoxic effect and sorption of allelopathic and phytotoxic 
compounds as mechanisms by which biochar suppresses plant diseases.
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Different pesticides are used in crop production to reduce the impact of targeted 
agent. In addition to its disease suppressive potential, biochar also reduces the 
impact of pesticides on the environment through the absorption and adsorption of 
different pesticides [43] to reduce the bioavailability of pesticides due to its large 
surface area and high porosity. The sorption capacity of biochar amendment is 
however dependent on age as Martin et al. [44] reported that the herbicide, atrazine 
adsorption in biochar amended soil decreased with the age of biochar an indication 
that aging has influence on its usefulness in pesticide sorption. Biochar can again 
protect roots of plants from phytotoxic compounds in the soil released by roots of 
other plants, through the decomposition of plant residues and soil amendment as 
well as agro-waste products and immature compost [45]. The high sorption rate of 
biochar, on the other hand, can negatively affect the efficacy of agrochemicals and 
increase the application rates of pesticides.
8. Biochar application: a case study in Ghana
In recent years, agricultural growth in Ghana has seen accelerated growth, but 
most of this growth is driven by the expansion of the cultivated area rather than by 
increased yield per unit area. It has been suggested that yield should be increased 
by at least 20% annually across the staple crops to meet the food needs of the people 
[46]. This is envisaged to be difficult with the current impact of climate change 
(evident by the rising temperatures and increased mid-season drought), resource 
scarcity, and environmental degradation. In sub-Saharan African (SSA), soil fertil-
ity decline, mainly through continuous cropping and rapid organic matter mineral-
ization, is the main cause of food insecurity and poverty. Smallholder agricultural 
production systems in most SSA countries including Ghana are characterized by 
low productivity due to low and erratic rainfall patterns, outdated agricultural 
practices, and low application of nutrient inputs. To intensify agriculture, chemical 
fertilizer is highly utilized.
To pursue the fastest and most practical route to sustainable food production, 
substantial improvement in crop and soil management practices, which are cur-
rently suboptimal, is required. The deployment of soil management technologies 
such as biochar application is a surest means to reversing the rapid decline in soil 
fertility in sub-Saharan Africa, particularly Ghana. The large availability of biomass 
resources in Ghana gives a great potential for biochar production and utilization 
in the country. This is very important in the tropics since turnover rates of organic 
matter are much faster. Waste management as a social problem has spared neither 
the developed nor developing nations as statistics have proven that some developed 
nations are seriously grappling with this bane. Ghana produces 1.7 billion tons of 
waste annually (source: ghananewsagency.org).
Biochar research is a recent development in Ghana and so there is a paucity 
of information regarding its effects on soil properties, crop growth, and yield in 
Ghanaian soils. The effect of biochar and/or compost applications on the soil pH 
of the Aiyinase and Cape Coast soils in Ghana after the 14-day incubation period 
is shown in Figure 6. The results revealed a significant increase in the soil pH, 
following sole and combined applications of compost and biochar in both soils. 
Also, the application of biochar and compost, alone or in combination, increased 
soil total organic carbon (TOC) contents in both the Aiyinase and Cape Coast soils 
(Figure 6). The application of biochar significantly improved soil chemical proper-
ties with reference to the control.
A case study in Ghana illustrates the significance of biochar application in 
augmenting water retention in a dryland crop (Figure 7). A farmer reports 100% 
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increase in yields. “Her perception is that the underlying mechanism for the effects 
she sees is entirely physical, citing two factors: enhanced rainwater infiltration and 
enhanced soil moisture retention” [10]. Given the fact that drought-susceptible 
sandy soils are prevalent in Ghana, crop performance is much influenced by rainfall 
(timing and intensity).
The results of studies in Ghana indicate the potential exist for farmers to produce 
their own biochar on-farm, although various factors must be considered in deciding 
whether this methodology is appropriate in a particular context. Factors such as 
capacity of farmers determine the pyrolysis conditions and activation methods.
9. Conclusion
Rainfed agricultural ecosystem in Ghana is extremely fragile, improving soil 
fertility and crop productivity, and reducing greenhouse gas emission (GHG) is 
a key factor for developing sustainable agriculture. The review provides insights 
into the potential of biochar in improving the agroecological system with reference 
to Ghana. Given the fact that yield gaps are greater in many developing countries, 
there is considerable need for better soil management technologies to ensure higher 
yields for improved food security. Biochar application offers a great potential in 
improving tropical soils and crop productivity.
Figure 6. 
Total organic carbon as affected by different treatments. Data replotted from [24].
Figure 7. 
Total organic carbon as affected by different treatments. Data replotted from [4].
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